Background: Almost all skin cancers are the result of overexposure to UV radiation and could be prevented by adhering to a number of simple behavioural guidelines to minimise exposure to the sun. The present study examined trends in sun-protection behaviour among adults living in Western Australia, a region with high levels of UV radiation.
Most research on behaviour relating to skin cancer has been conducted in Australia and the US, reflecting the high prevalence of the disease in these two countries.
1,2 At least two in three Australians and one in five Americans will develop skin cancer before the age of 70. 3, 4 Exposure of the skin to high levels of UV radiation has been identified as the major cause of skin cancer, 5 placing those living in countries with very high levels of solar UV radiation, such as Australia and the USA, at an increased risk. 6 Despite Australia's reputation as melanoma centre of the world, 7 it has been put forward as a textbook example for successful population-wide skin cancer prevention efforts and a guiding model for other high-prevalence countries. 7, 8 Mass media sun-protection campaigns have been run in Australia since the early 1980s, 9 and school-based educational programmes and policies have been in place since the mid-1990s. 10 Consistent and continued communication of sun-related public-health messages through health professionals, schools, employers, and cancer councils, and the promotion of easily implementable protection measures such as seeking shade, have resulted in sun protection becoming an integral part of daily life. 7 Unlike the strong emphasis on sunscreen use in sun-protection messages disseminated in other countries, 11 Australian media campaigns have long promoted a combination of different sun-protection measures, as reflected in the message 'slip, slop, slap', which refers to the use of protective clothing, sunscreen and headwear. 9 Sun-related public health strategies can be regarded as successful only in as far as they translate into sustained changes in sun-protection behaviour at a population level.
Among Australians aged under 45 years, skin cancer rates are declining, 12, 13 providing evidence for positive changes in sun-protection behaviour. Previous longitudinal studies of adult sun-protection behaviour in Australia, the USA, and elsewhere have shown favourable trends for sunscreen usage rates and, recently, for staying indoors. [14] [15] [16] [17] [18] [19] Other sun-protection behaviour (such as staying in the shade or wearing sunglasses, hats and long clothing) has either shown no consistent improvements over time or decreased in recent years. 14, 15, 19 Direct comparisons between studies and countries are difficult due to differences in the measures employed to assess engagement in sun-protection behaviour and the use of state versus national samples. Nevertheless, insights from previous longitudinal studies in Australia suggest that dramatic improvements in sun-protection behaviour were achieved up to the mid-1990s, with smaller fluctuations and greater relative stability since. 15, 18 Based on these trends, it appears that sun-protection behaviour has reached a plateau after a steep upward trend in the past.
To confirm this observation and provide a more comprehensive account of trends in sun-protection behaviour, the present study analysed data from five consecutive summers in Western Australia (2008 to 2012). Western Australia has one of the highest rates of skin cancer risk in the country due to high levels of solar UV radiation. 6 The yearly total solar UV radiation in Perth (the capital city of Western Australia) amounts to 12 234 standard erythema doses, which is twice to thrice the yearly dose in various locations across Europe. 6 Sustained monitoring of sun-protection behaviour is needed in Western Australia to identify opportunities for continued improvement in sunprotection practices to reduce the high risk of skin cancer. The focus of the present study was on behaviour that reduces the risk of overexposure to UV radiation when outdoors (namely, seeking shade and wearing a hat, protective clothing, sunscreen or sunglasses), as well as the complete avoidance of UV radiation by staying inside during peak hours. Based on previous trends, it was predicted that sunscreen use and staying indoors would continue to increase at moderate levels, while other forms of sun-protection behaviour would either stabilise or slightly decrease.
METHOD
The study received approval from the Curtin University Human Research Ethics Committee.
As part of an ongoing cross-sectional study, telephone surveys were conducted in the summer of 2008 to the summer of 2012 inclusive. The aim of the broader study was to evaluate a long-running SunSmart sun-protection campaign in Western Australia to assess the effectiveness of the campaign. The survey included items on participants' awareness of the campaign, understanding of the campaign message and any changes in behaviour resulting from exposure to the campaign. The total usable sample consisted of 2076 adults aged 18-45 years who were selected via random digit dialling. The age range reflects the importance of prevention in the younger years for reducing the lifetime risk of skin cancer, and hence a focus in sun-protection campaigns on younger audiences. Quotas were used to recruit equal numbers of men and women and proportionate numbers of respondents within the age categories 18-29, 30-39 and 40-45 years. Table 1 summarises the number of respondents by sex, age category and skin colour. Respondents reported their skin colour (without a tan) according to the seven categories 'very fair', 'fair', 'medium', 'olive', 'dark', 'very dark', and 'black'.
Measures of sun-protection behaviour
To assess the frequency of practising commonly recommended types of sun-protection behaviour, respondents were asked to indicate on five-point Likert scales how often they would engage in six different forms of sun-protection behaviour (seeking shade, staying inside, and wearing a hat, protective clothing, sunscreen or sunglasses) during sunny days in summer between 10 am and 2 pm. Response categories were never (1), rarely (2), sometimes (3), usually (4) and always (5) . The five items assessing outdoor protection behaviour included the qualification 'when being in the sun for an hour or more'.
Statistical analysis
Ordinal regression analyses were conducted to capture the ordinal response categories used to indicate the frequency of engaging in sun-protection behaviour. To assess trends in protection practices over time, separate analyses were conducted for each of the forms of sun-protection behaviour (wearing a hat, protective clothing, sunscreen, or sunglasses, seeking shade, staying inside) as dependent variables and survey year (2007-2008, 2008-2009, 2009-2010, 2010-2011 and 2011-2012) as the predictor variable, controlling for the effects of age, sex, skin colour and other forms of protection behaviour. The frequencies of sun-protection behaviour in each subsequent year were compared with frequencies in the baseline year 2007-2008. Regression coefficients were transformed into odds ratios for ease Table 2 reports means, standard errors, adjusted odds ratios (AOR) with 95% confidence intervals, and P values for the six types of sun-protection behaviour. In all survey years, wearing sunglasses was the sun-protection behaviour that respondents engaged in most frequently (average M = 4.24), with sunscreen use ranking second (average M = 3.83). In terms of response categories, sunglasses were used at a frequency ranging between 'usually' and 'always' on sunny days in summer between 10 am and 2 pm when outdoors for an hour or more. Sunscreen was used at a frequency ranging between 'sometimes' and 'usually' (see Fig. 1 ).
RESULTS

Sun-protection behaviour
Wearing protective clothing was the behaviour practiced least frequently across all survey years (average M = 2.85). The average frequency of wearing covering clothes on sunny days in summer between 10 am and 2 pm when outdoors for an hour or more was just below 'sometimes'.
Compared to baseline, the frequency of wearing a hat and seeking shade remained unchanged in all subsequent survey years, while staying inside and wearing protective clothing and sunglasses remained unchanged in most survey years. In the most recent survey year, wearing protective clothing was the only sun-protection behaviour that was practised less frequently than at baseline (AOR = 0.75). Sunscreen was used significantly more frequently relative to baseline in all subsequent survey years (average AOR = 1.39).
In terms of individual differences controlled for in the above analyses, skin type was significantly associated with the frequency of using sunscreen and seeking shade. Respondents with lighter skin types were found to engage in these behaviour more frequently than those with darker skin types (b = À0.22, P < 0.001 for sunscreen; b = À0.10, P = 0.013 for shade). Older age was significantly associated with increased use of hats (b = 0.66, P < 0. The results of ordinal regression models are presented, adjusting for the effects of age, gender, skin colour, and other protection behaviour. Survey year 2007-2008 is the referent year. Means are estimated marginal means with covariates held constant. Frequency of behaviour was classified into the ordinal response categories never (1), rarely (2), sometimes (3), usually (4), and always (5) . SE, standard error; CI, confidence interval. P < 0.001), sunglasses (b = 0.64, P < 0.001), and staying inside (b = 0.57, P < 0.001) or in the shade (b = 0.45, P < 0.001) more often than men.
DISCUSSION
The present study investigated changes in adult sun-protection behaviour over a 5-year time period (summer of 2008 to the summer of 2012). The context of the study was Western Australia, where the enactment of sun-protection behaviour in summer is critical due to very high levels of solar UV radiation. 6 In all survey years, wearing sunglasses was the most commonly practised type of sun-protection behaviour, followed by using sunscreen. This general pattern of results is in line with previous studies identifying either (i) use of sunglasses as the most commonly used sun-protection behaviour 19, 20 or (ii) use of sunscreen as the most common behaviour when the frequency of wearing sunglasses was not assessed. 11, 14, [21] [22] [23] No notable changes in sunglasses use were observed, possibly reflecting the fact that these items are worn at a frequency that leaves little room for improvement. In addition, sunglasses are often worn for reasons other than sun protection, 20 including fashion and vision, which may explain their high and continuing popularity. Sunscreen was used more frequently over time, which is a desirable development in terms of skin protection and skin cancer prevention. 24 However, although the effectiveness of sunscreen in preventing skin cancer has been clearly demonstrated, 24 it needs to be used correctly to provide the expected level of protection. 17 People often use too little sunscreen, fail to apply it to all exposed skin, reapply it inadequately or view sunscreen as a substitute for other sun-protection practices rather than as an adjunct to them. 11, 14 The relatively heavy reliance of Western Australians on sunscreen use as a sun-protection strategy indicates that information about correct application needs to be strongly emphasised in health promotion messages, along with advice about alternative or complementary forms of protection such as protective clothing and shade. 17 Apart from an increase in sunscreen use and consistently high use of sunglasses, the study found that most sun-protection behaviour remained stable at moderate levels. Seeking shade, staying inside and wearing a hat were all practised at levels ranging between 'sometimes' and 'usually' during peak UV hours, with little to no variability across survey years. Wearing protective clothing was the least frequently enacted sun-protection behaviour, with average frequencies of less than 'sometimes'. The already low rates of wearing protective clothing significantly decreased relative to baseline in the last survey year, suggesting there is a need to address this type of sun-protection behaviour in particular, given that it provides a simple and effective way to protect the skin from sun exposure. Factors contributing to low levels of protective clothing use may include a lack of comfort or excessive sweating when wearing covering clothes in warm ambient conditions. Wearing clothes with a high UV protection factor that are made from lightweight and moisture-absorbing fabric may be an acceptable compromise between sun-protection needs and comfort. 25 Further research would be of benefit to identify ways to promote long clothing as a means to protect the skin from UV radiation. Among the sun-protection behaviour that remained mostly unchanged over the 5-year survey period, seeking shade and staying inside were enacted at similar frequencies. These two forms of behaviour constitute two different classes of protection measures -one that involves protecting the skin from sun exposure when outside and one that involves the complete avoidance of sun exposure by staying indoors. To take this distinction into account, the survey items assessing outdoor protection behaviour included the qualification 'when being in the sun for an hour or more'. Due to this wording difference, it is difficult to draw direct comparisons between the frequency of engaging in outdoor protection behaviour and staying indoors. The outdoor context incurs an immediate risk and greater urgency in terms of sun-protection requirements, and there is no upper limit to what constitutes ideal outdoor protection because maximum sun protection is encouraged at all times during peak UV hours. By comparison, by staying inside individuals effectively protect their skin from UV damage, but this may have negative unintended consequences. Greater engagement in sedentary behaviour when indoors, such as television viewing and other screen-based activities, has been associated with negative health outcomes in both adults and children. 26, 27 Finding a balance between the risks and benefits of various healthrelated activities is an ongoing challenge. As a consequence, promoting outdoor activities during non-peak UV times may maximise beneficial health outcomes by decreasing the risk of sun damage to the skin, increasing activity levels 27 and providing adequate amounts of natural vitamin D. 28 A number of limitations of this study need to be considered, including the use of self-report measures to assess the frequency of engaging in sun-protection behaviour. Relying on self-report may distort results due to poor recall or socially desirable responses. 29 However, self-reported sunscreen use has been shown to correspond with objective measurements of sunscreen use, 29 supporting the validity of self-reports of sun-protection behaviour. Second, temperature or other weather conditions were not controlled for in the present investigation. Summers in the most highly populated areas of Western Australia tend to be invariably hot and dry, with average UV radiation levels of 11 or higher at noon during the summer months, indicating that the influence of changes in weather conditions would be negligible. Finally, as the focus in the present study was on trends in sun-protection behaviour over time, no distinction was made between the various contexts in which sun exposure may occur. For instance, outdoor workers are usually restricted in their ability to use the full range of sun-protection measures, especially seeking shade, placing this group at an increased risk of developing skin cancer. 30 As a consequence, knowing under which circumstances respondents usually spend time in the sun during peak UV-times (such as at work or for leisure and sport) would provide further useful insights into the effects of the context and the feasibility of sun-protection behaviour across a range of settings. This would require a more comprehensive instrument that includes context variables and sun exposure during working hours, as well as the extent to which sun-protection measures are practiced according to recommendations (such as the amount of sunscreen used and the timing of sunscreen application). In summary, despite slight fluctuations in use of sunscreen and protective clothing, sun-protection behaviour among Western Australian adults remained relatively stable during the 5-year study period. In contrast to the dramatic improvements in sun-protection behaviour observed in earlier years, these findings indicate that the frequency of engaging in sun-protection behaviour has plateaued. However, observed frequencies of most sunprotection behaviour were still moderate and further efforts are required to encourage higher enactment rates. Strategies are especially needed to promote use of shade and overcome reservations in the use of protective clothing during periods of high UV radiation. The former particularly applies to young age groups and men, while the latter is especially relevant for women.
